Effect of Soft and Softer Handoffs on CDMA System Capacity by Lee, CC & Steele, R
834 IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 47, NO. 3, AUGUST 1998
Fig. 5. Mobile receiver block diagram.
where is the bit energy-to-interference power spectral
density ratio of the received signal from the th BS, which is
given in (19). From Fig. 5, we notice that only the trafﬁc signal
transmitted from zeroth BS can be demodulated coherently as
its demodulating carrier is provided by the pilot signal from
zeroth BS.
For a special case of soft handoff with two BS’s involved,
i.e., , (25) becomes
(26)
where is given in (20) and is shown
in (27), given at the bottom of the page. In (27), the term
in the denominator is the interference from the
zeroth cell, where the factor two is due to the coherence of the
demodulation carrier with the carrier from zeroth cell BS. For
mobiles in the soft-handoff zone, the cochannel interference
dominates the AWGN component in the . By neglecting
in (20) and (27) and substituting these equations into (26)
yields (28), given at the bottom of the page. For a given ,
the number of users per cell with handoff diversity can be
obtained from (28) as (29), given at the bottom of the page.
For a CDMA forward-link system having a processing gain
of 21 dB (127 chips per information bit) and an of 20
dB, the capacity in terms of the minimal number of users
per cell for different values of normalized in the soft-
handoff zone can be calculated from (29). By considering the
(27)
(28)
(29)838 IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 47, NO. 3, AUGUST 1998
Fig. 11. Interference for mobiles not in the antenna overlapping area. The interfering sectors are shown shaded.
Fig. 12. Forward-link capacity without macrodiversity in sectorized cells.
The radio paths from zeroth BS to mobiles in the softer
handoff zone are in a similar environment to the radio paths
from the ﬁrst BS to mobiles in the softer handoff zone.
Consequently, the shadow fading and path loss are similar,
so the received signal levels at the front end of the mobile’s
receiver from both the zeroth and ﬁrst BS are about the
same for mobiles in the antenna overlapping area. Because
the carrier recovery is coherent for zeroth BS, the signal from
zeroth BS is demodulated coherently, while the signal from
ﬁrst BS is not coherently received. From (19), the bit energy-
to-interference PSD ratio of signals from zeroth BS is shown
in (35), given at the bottom of the previous page. When softer
handoff is employed for mobiles located in the overlapping
areas of antenna patterns, the for signals from the ﬁrst
sector BS is shown in (36), given at the bottom of the previous
page. Those mobiles located in the soft or softer handoff
subzones may be handed off using a soft handoff. When soft
handoff is applied, the for signals from the ﬁrst sector
BS of a neighboring cell, say the ﬁrst sector in the ﬁrst cell,
is shown in (37), given at the bottom of the previous page.
Notice that the factor of 1/2 in (35)–(37) accounts for the
noncoherent demodulation. Also, observe that in
(37) is due to the interference from zeroth sector. When softer
handoff is employed, the combined bit energy-to-interference
PSD ratio becomes
(38)
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Fig. 13. Forward-link capacity with macrodiversity for mobiles in the antenna pattern overlapping areas (along the ac line).
Similarly, when soft handoff is employed, the combined
is shown in (39), given at the bottom of the previous page.
For a BER less than 10 , the equivalent is 7 dB.
According to this speciﬁc , the number of users per sector
can be evaluated from (38) and (39) as
(40)
and as shown in (41), given at the bottom of the page, for the
application of softer and soft handoffs, respectively.
The forward-link capacity in terms of the minimal number
of users per sector for mobiles in softer handoff and soft or
softer handoff subzones can be calculated from (40) and (41).
For a CDMA forward-link system having a processing gain
of 21 dB (127 chips per information bit), an of 20 dB,
and an overlapping angle of 5 , the number of users per sector
as a function of normalized distance from A to C (along the
sector border) are displayed in Fig. 13. When mobiles in the
soft or softer subzones employ softer handoff, the capacity
in terms of the number of users per sector is improved by
macrodiversity from 22 and 30 users per sector to 36 and
47 users per sector for a VAF of 1/2 and 3/8, respectively,
while by employing soft handoff, the capacity is improved to
39 and 50 for a VAF of 1/2 and 3/8, respectively. Although
there is an increase in interference for mobiles located in the
handoff region due to imperfect sectorization, this is overcome
by the macrodiversity provided by soft and softer handoffs.
Similar to that in unsectorized cells, the forward-link system
is limited by mobiles located at when soft handoff is not
applied. As a consequence, the forward-link capacity is 34 and
46 users per sector for VAF’s of 1/2 and 3/8, respectively. The
capacity gain due to macrodiversity provided by soft and softer
handoffs is 12 and 16 users per sector for a VAF of 1/2 and
3/8, respectively, corresponding to a gain of 53% compared
to that without soft and softer handoffs. As the forward-link
capacity loss due to the allocating two trafﬁc channels to a
mobile in soft and softer handoffs was 9%, the capacity gain
from soft and softer handoffs is 40% compared to that without
soft and softer handoffs. In addition, there is an improvement
in communication quality due to the implementation of softer
handoff as the system capacity is limited by the mobiles at a
distance of from their BS.
IV. SECTORIZATION GAIN AND EFFICIENCY
FOR IMPERFECT SECTORIZATION
For a three-sector cell arrangement, the sector antenna
pattern has an angle of 120 for perfect sectorization. On
the reverse link, one third of the surrounding areas would
be blocked by the antenna pattern, and, hence, the capacity
gain would be three times that of the unsectorized cell. Due
to the overlapping sector antenna patterns, the interference in
sectorized cells is larger than that of sectorized cells having
(41)